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Deep Inelastic Scattering (DIS)

DIS is a straightforward tool to probe p structure.
2 Q2 = —(k—k’)2 — —q2
e(k) e, v(K)

¢ Bjorken scaling variable
(=momentum fraction)

z=Q%/2p g
7 Z , W ¢ inelasticity of electron
' (reflects scattering angle
4 of e in eqg CMS, 6%)
_ - 1 — cos@*
p(P) premnant y=p-q/p-k= >
e Q?=z-y-s

Inclusive DIS cross-sections < Structure functions (SFs)

Parton densities and DGLAP evolution

e SFs = sum of (short-range) ® (parton density).

¢ Parton density includes long-range effects. In spite, pQCD
can predict “evolution” of PDFs in Q2; DGLAP equation.

¢ Needs experimental inputs to determine initial parton densi-
ties at Q3 where evolution starts.
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DIS at HERA, the first ep-collider

N 5
s ] H1 +ZEUS
5’ Bl HERMES This talk
4 tt,r‘tal‘ng "
i eoes &' 2200
5L [[] BcOMS S reswlts .
= CCFR !
o[ W
1
0
-1 &
4 S5 4 3 2 4

log x
¢ Medium QZ?: precise measurement of SFs.
- determination of sea-quark and gluon densities at low-z.
- highy : F;.
- low y : overlap to fixed-target.
¢ High Q2: pQCD holds? search for QCD breakdown.

— Smallest spatial-resolution: A ~ 1/1/Q2.
Q%ax ~ 1 x 105 GeV2 = )\ < 10-16 cm.

- NC and CC can be seen at the same place!
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HERA luminosity

HERA luminosity 1994 — 2000

99-00 &”

Integrated Luminosity (pb™')

" i i 4 | ]
i 200 400 H00 800
Days of running

e '94-'97 : 27.5 GeV e with 820 GeV p.
H1(ZEUS) : 36.6(47.7) pb—1. = Published.

¢ '98-'99 (Apr.): 27.5 GeV ¢~ with 920 GeV p.
H1(ZEUS) : 15.3(16) pb~1. = New preliminary!

¢ '99(Jul.)~'00: 27.5 GeV et. with 920 GeV p.
H1 : 459 pb~—! analyzed. = New preliminary!

Contents of this talk

High-Q= DIS (Q2 - 200 GeV?2).

We have all; e ™, e~, NC, CC, at the same apparatus, HERA!
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DIS cross-section formula

NC(e<p — e*X)

d?o(etp) 2ma? \
dzd@? = por X Y+FC FYaFC -y’ F}

(Ya=1%(1-9)?)

e Structure functions, F¥¢, F{C| include quark structure of
proton and quark coupling to gauge bosons as well M.

' xAf(qr + q7) )
( zFYC ) o Zf: ( zBy(ay — 5)
e F3is a parity violating term. Sign changes in e+/c .
e [ is non-zero at NLO-QCD and is only relevant at high y in

high Q2 region.(~ 10%)
CC(exp — vX) in LO QCD

eTp:

d’o s sz( My?

2
dzdQ? 27 \ My? + Q?) i Z [@ + (1 - y)*di]

1=1.2

(fzr‘,r (-; }i‘? "'lf l,r'|,-':Er - W2 T
” — N 1 e—zi- i f-:
© P dedQ? T 2n (MM+QE) 1 ;[“ =

e Flavor selecting; d(u)-quark contributes only to et p(e ).

e Helicity suppression factor, (1 — y)2, is multiplied to
quarks (antiquarks) in et p(ep).
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An intuitive PDF visualization: 5 vs (1 — y)?

chC = Y-I-E'NC' - (FENC $a:F;“'C) 4+ (1 - y)E(FQNC + IFE’W)

Poc =Eocc =

=z (3u+gd) {1+ (1 -1)?}

%+ (1 — y)2zd
zu + (1 — y)%zd

{

for v—only, LO.

foretp
fore p

Atz ~ 0.1, i.e. in an approximate Bjorken scaling region,
= helicity structure can be seen separately: (1—y)2 = cos*6*/:

electron positron
glc ' """'|"|"J£"|"|' e ]
09 = —I-L"-— :'j
@NCF {}LS :' - _Ji.'._ . .;.‘_é:
06 b——— "7+ 7 i I _ 17
05 - + s 3 |(quegd
04 £ e A & S
03 £ >
g? -+ HINCeppreliminary - o HI NCe'p f %M'tqdjx
:_-..ﬂ__'f--hl'-‘ili-‘}%:}H:].thf.*.{*.:{ |-+.L1_._i. e =
o 16 - e =
o 14 [ HICCep preliminary - sHICCe'p E
¥ b & = — Hle'pQCD Fit
'1 { }_---- y exchange only E
< o ca ) s 3
: _0‘.6-‘:_7— )E_ + H,IL} ;-
04 - I T o
xu 0.2 b 1 * _P_&_r_,---*“""ﬂ"_ ol xd
A __{}..__- ==Y o IR N ) R Llﬂ_q-— :hn_*_ T_l___hJ_:l_—._ﬂ: __..__
0O 02 04 06 08 0 02 04 06 08 1 -
2 2 L
(1-y) 4 6* (1-y)
COS 03

x=0.13

¢ NLO-QCD gives a good description of data.
¢ Naive QPM gives an intuitive picture of PDF and agrees
within ~ 20% level.
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NC do /dQ?: investigate to the smallest )

d?o(e*p) _ 271a?
ded@Q? — 2Q*

X {YeFNC 3 Y_2F3NC — 42FNCY

Neutral Current € P
* HI prel.

= ZEUS prel.

—h

doy./dQ’ / pb GV
=

10" = — Standard Model

TR

4|
10
=+
s CP.
10 & P
-+ HI1 94-00 prel. '
=
0*®. v ZEUS 94-97 \
(corrected for CMS energy) Ns=320 GeV
a7
‘[0 bl i i i i y ]| T P |
10° 10°

0’ / GeV?

¢ Measured cross sections agree well with SM predictions
6 orders of magnitude.

e NLO-QCD describes data up to the very high Q2:
Q2 < 20000 GeV?2!
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CC do /dQ?: investigate to the smallest )

€+

e G M2\’
. dmdgi' L (MW!“_"_Q-;) X Z[H_:"i‘(l _y)ld*]

_ d?e _G'F . 27
'd,a:dQQ_mr (Mw "‘l‘Qi) Z[u + (1 = y)*d,}

. o
§ Charged Current s
%10” e H1 prel.
~
N s ZEUS prel.
S 10
S |
| 4
" * — Standard Model
|
10 =
P .
10 i
- H1 94-00 prel.
-6
10 = v ZEUS 94-97 Fa—
3 (corrected for CMS energy) *
0
10 TR ST VTS, a —
10° 10"

e Consistent with SM.

e < p data order of magnitude above ¢*p due to:
o(e”p) x (u <4 ¢) while J(e+p) x (1- y)z(d + 3).

0’ / GeV*
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EW sector in CC: My, determination

da/sz & GF X (M’ +Qz)21
(PDG'98: My, = 80.41 + 0.10 GeV).

¢ Unconstrained fit
= spacelike measurement of My .

= complementary to timelike measurements at LEP/Tevatron.

1.1

1,05
DN
Lh
%
0.95
09 1 |
74 76 78 80 82 84 GeV
Mprop
o (i p-fixed fit : Fitting the shape.
= measurement of the propagator mass.
Mw = 81.4%7 [ (stat.) £ 2.0(syst.)*23(PDF) Gev (ZEUS)

My = 80.9 £+ 3.3(stat.) & 1.7(syst.) + 3.7(theo.) Gev  (H1)
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Summary

We have now all 4 cross-sections; NC, CC fore™, e~

L]

precisely measured at HERA!

NC double differential cross-sections: test of pQCD.
e First extraction of 2 F}'C at large Q2.

CC double differential cross-sections: flavor-specific PDF.
e Sensitivity to d/u-ratio at high-z.

do /dQ=: to the very high Q2.
¢ Q% - 20000 GeV2: pQCD OK!
e EW-unification observed.

EW sector in DIS.
e My determination.

Outlook

-+ Sep. 2000 : End of HERA 1st era.
2001 — : HERA upgrade, high luminosity + e-polarization
¢ Luminosity: 100 pb~1 ('92—'00) = 1000 pb—1 ('01-"08).

e e-polarization: 70% prospected.

= High precision SF measurement at medium~high Q2,
e.g determination of d/u-ratio etc...

= EW physics, e.g. determination of u,d-quark couplings to
Z0 etc...

K. Nagano, KEK/DESY Proton structure at high Q° ICHEP2000, Osaka 15/16



18

Summary: ALL 4 NOW.

| ZEUS DIS Cross Sections
> : : ¢ ¢'p 94-97
E = o e'p 98-99 (prelim)
Ei 19'1;— - CTEQ4D
B FE 2 —~a. %% neutral current
L - . G\R%

10 = L
= charged current o N

10 T = : !\§\

: e " :
0L i,%&;
. -6 L : \

.TE |
0 |

= It [ - Ll l | | |
10’ 0,
Q" (GeV")
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